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SUMMARY
^ , ^ h -  ! L ^  . , - - r ^ ! r -  r , , ^ ^ F  ^ 4  ^ e r - ^ ! ^ 1  a ^ E ^ ^ L  ^  r r s l o c a t i o n s  h a v eA I t t V I I V  U l l e  V q ! ! U q D  L y l / c -  U I  U ! Y - L e I  u s I s u L J ,  u !
shown to  be  par t i -cu la r ly  impor tan t .  I t  i s  the i r  behav io r  wh ich
d e t e r m i n e s  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  c r y s t a l l i n e  s o l i d s .  I n
a d A i l - i n n  d i q l n a : + i ^ 6 -  n - r '  ^ l ^ r '  . i n n ^ r l ^ ^ n t .  r n l o q  i n  . r 1 / q l - : 1 1  i z a -
r  v ! r f v v 4 L r V I r D  I r r 4 J  y r a y  t r r r v v  r r r  v ! j ,
t i n n -  i n  l - h c  n r p r : i n i t a t - i o n  o f  n h a s e s  i n  t h e  S o l i d  S t a t e  a n d  i n
p h a s e  t r a n s f o r m a t i o n s .  F o r  t h e s e  r e a s o n s  k n o w l e d g e  o f  d i s l o c a -
t i o n s  i s  i n d i s p e n s i b l e  f o r  m e t a l l u r g i s t s  a n d  m a t e r i a l  s c i e n t i s t s .
D u e  t o  t h e  g r e a t  v a r i e t y  o f  p o s s i b l e  d i s l o c a t i o n  p r o c e s s e s
w h i c h  o c c u r  d u r i n g  p l a s t i c  f l o w ,  i t  w i l l  n e v e r  b e  p o s s i b l e  o n  a
n r r r o r '  r h a n r a + i ^ : 1  L ^ ^ r ^  ! ^  * - ^ r ' : t  t h e  e v o r u t i o n  o f  t h e  d i s l o -y q ! s f J  L l l s v r g L t g a r  v a - a J  L v  I , r c u r (
cat ion  s t ruc tu re  under  d i f fe ren t  de format ion  cond i t i -ons  and to
c a l c u l a t e  t h e  m a c r o s c o p i c  p r o p e r t i e s  o f  a  m a t e r i a l  w i t h  s u f f i -
^ i a h f  a - ^ 1 r r i d \ 7  P a t h a r  f n r : n  r r n d a r q f > n d i n a  n f  m a a h : n i n : l  n r n -
,  
! v !
n ^ r F i ^ d  f l . r a  a n n q ^ n  n r n n a A r r r a  i e  { . n  d o € . i n a  n h a n n m o n n l n a i n : I  r a -y s !  L ! s J ,  u I l E  U v l L u t t v l r  y r v u s u u ! s  l o  L v  u s ! I f r e  y l l s r l v l t l s r t v r v Y r u q !  ! e
l a t i o n s h i p s  e x p e r i m e n t a l l y ,  t o  c o r r e l a t e  t h e s e  w i t h  t r a n s m i s s i o n
e l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s  o n  t h e  c r y s t a l l o g r a p h y  o f  s l i p
and on  the  evo lu t ion  o f  the  d is loca t ion  s t ruc tu re  and hence to
deduce the  phys ica l  na ture  o f  the  cont ro l l i -ng  d is loca t ion  mecha-
n j - s m s .  I n  t h i s  t h e s i s  w e  r e p o r t  t h e  r e s u l t s  o f  j - n v e s t i g a t i o n s
a l o n g  t h e s e  l l n e s  o n  C u N i Z n  a l l o y s  w h i c h  s h o r v  o r d e r i n g  a s  w e l l  a s
n r  r r e + o r i  n n  F ^ r  + 1 - 1 6  a r n a r a n  : r  l  n r r  c u r N i Z n  t w o  s t r u c t u r e s  a r e  p o s -
e  i  h  i  a .  T . 1  a n d  T .  l  + \ r h 6  t -  h ^ +  m i  a l - r ] -  l . r : r r a  i  m n n r l a n ] -
- r  y -  ,  - * , .  -  c o n s e q u e n c e s
f o r  t h e  m e c h a n i c a l  b e h a v i o r .  S e v e r a l  p h y s i c a l  p r o p e r t i e s  o f  t h e
a l loy  CurNiZn have been de termined as  a  func t ion  o f  the  quench
tempera ture  and/or  the  in  s i tu  tempera ture .  The resu l ts  a re  sum-
m a r i z e d  i n  t h e  f o l l o w i n g :
The second order  e las t i c  cons tan ts  have been measured as  a
func t ion  o f  the  quench tempera ture .  They  decrease w i th  inc reas ing
q u e n c h  t e m p e r a t u r e ,  i , e .  d e c r e a s i n g  l o n g - r a n g e  o r d e r ,  u n t i l  t h e
order -d isorder  t rans format ion  tempera ture  Tc l  i s  reached.  Above
th is  c r i t i . ca l  tempera ture  the  e las t i c  cons tan ts  a re  a lmost  inde-
pendent  o f  the  quench tempera ture ,  cor respond ing  to  an  j -n te rna l
s t ruc tu re  wh ich  remains  a lmost  the  same.
T h e  p r e s e n c e  o f  t w o  o r d e r e d  s t r u c t u r e s  f o r  C u . N i Z n ,  a n d  h e n c e
a n  o r d e r - o r d e r  t r a n s f o r m a t i o n  a t  a  c r l t i c a l  t e m p e r a t u r e  T " r ,  i s
conf i rmed by  the  resu l ts  o f  accura te  measurements  o f  the  la t t j -ce
p a r a m e t e r .  T h e  c r i t j - c a l  t e m p e r a t u r e s  o b t a i n e d  b y  t h i s  t e c h n i q u e
a r e  T  - = 7 7 5 + t 2  K  a n d  T  ^ = 5 9 5 + 7  K .
c r  c z
T h a  r r i a l A  c l - r ^ ^ ^  ^ c  ^ "  n r j ' *  - S  a  f U n C t j - O n  O f  t h e  q U e n C h  t e m -u ! s D D  V !  V U 2 ! \ ! ! r I  q ;
pera ture  and the  de format ion  tempera ture  has  been exp la ined 1n
terms o f  the  s t ress  necessary  to  opera te  a  Frank-Read source  w i th
a n  i n i t i a l l y  e d g e - o r j - e n t e d  s u p e r l a t t i c e  d i s l o c a t l o n  h a v i n g  a
l e n g t h  o f  I . 4 5  u m .
T h e  s t r a i n  h a r d e n i n g  c a n n o t  b e  e x p l a i n e d  b y  t f r e  { 1 0 0 }  c r o s s -
s l i p  m e c h a n i s m  ( a s  i s  o f t e n  d o n e  f o r  t h e s e  t y p e  o f  o r d e r i n g  a 1 -
I o y s ) ,  b u t  c a n  b e  i n t e r p r e t e d  b y  t h e  f o r r n a t i o n  o f  A P B  t u b e s .
Duct i l i t y  measurements  a re  in  agreement  w i th  the  we l l  known
l a t e n t  h a r d e n i n g  e f f e c t  i n  t h e s e  t y p e s  o f  o r d e r i n g  a l l o y s .  S l i p
predominate ly  occurs  a t  one or  two s l ipsys tems,  wh ich  number  i s
to  sma11 to  accomodate  the  complex  boundary  cond i t ions  and hence
f r a c t u r e  o c c u r s  a t  s m a l l  s t r a l n s .
V ickers  mlc rohardness  measurements  revea led  tha t  the  ex ten t
o f  A P B  d o m a i n  s t r e n g t h e n i n g  i n  C u r N i Z n  i s  s m a l l .  T h e  m i c r o h a r d -
ness  as  a  func t ion  o f  the  APB domain  s j -ze  can be  accounted  fo r  by
a  m o d i f i e d  e q u a t i o n  f o r  C o t t r e l l ' s  d o m a i n  s t r e n g t h e n i n g .
The ac t iva t lon  energy  deduced f rom the  k ine t ic  s tud ies  o f
APB domain  growth  a t  severa l  tempera tures  is  about  the  same as
t h e  a c t i v a t i o n  e n e r g y  f o r  d i f f u s i o n  o f  Z n  o r  N i  i n  t h e  a l l o y
C u " N i Z n .  T h e r e f o r e ,  A P B  d o m a i n  g r o w t h  i s  p r o b a b l y  a  d i f f u s i o n
z
o o n l - r a l  I e d  n r n c c g g .
The order -d isorder  t rans format ion  in  CurNiZn shou ld  be  a
f i r s t  o r d e r  p r o c e s s  a c c o r d i n g  t o  t h e o r e t i c a l  p r e d i c t i o n s ,  w h i c h
is  conf i rmed by  the  measurement  o f  the  quas i -b inary  c ross-
s e c t i o n  C u - ^ N i -  ^  Z n  .5 U  5 U - X  X
The va lue  o f  the  APB energy  ob ta ined f rom the  conf igura t ion
o f  s u p e r l a t t i c e  d i s l o c a t i o n s  i s  i n  a g r e e m e n t  w i t h  t h e o r e t i c a l
n r p r l i c l - i n n q  f o r  t h i s  a l  l o v -  T h c  A p R  o n e r o \ /  d p d r r c c d  f r O m  t h e  c o n -y t  v s r e
f i g u r a t i o n  o f  s u p e r l a t t j - c e  d i s l o c a t i o n  d i p o l e s  i s  n o t  r e l i a b l e .
I ts  va lue  is  about  th ree  t imes smal le r  than the  va lue  ob ta i -ned
f r o m  t h e  s u n e r  I  e  t t i - c e  d i s l o c a t i o n s  .
The s tack ing  fau l t  energy  has  been ca lcu la ted  f rom the  d imen-
s ions  o f  ex tended d is loca t ion  nodes by  app ly ing  severa l  theore t i -
ca l  mode ls .  These mode ls  a re  sub iec ted  to  a  tes t  o f  i -n te rna l
c o n s  i s  t e n c y .
